Dissolved organic nitrogen derived from soluble microbial products (SMPs-DON) generated during the drinking water biological treatment process poses a great threat to water supply safety due to the potential carcinogenic risk. To further study the production mechanism and characteristics of SMPs-DON in drinking water biological aerated filtration (BAF), Illumina MiSeq sequencing is applied to characterize the microbial community. In addition, an excitation-emission matrix combined with the parallel factor model (EEM-PARAFAC) and gel filtration chromatography (GFC) are used to analyze the component and molecular weight (MW) distribution of the SMPs-DON. Results showed that the production of SMPs-DON in drinking water BAF can be explained using Illumina MiSeq sequencing from the perspective of the microbial community. Also, according to the EEM-PARAFAC analysis, the fluorescence intensity scores of fulvic-like and humic-like substances were almost unchanged, whereas the scores of protein-like substances first increased and then decreased, which was consistent with the variation in the DON concentration. SMPs produced initially primarily consisted of macromolecules with MW >20 kDa, and then they were degraded and small molecular SMPs with MW <5 kDa accumulated. This study provides theoretical guidance and technical support for ensuring drinking water safety and reducing secondary pollution risks from drinking water biological treatment.
INTRODUCTION
Soluble microbial products (SMPs) are produced accompanied by biomass growth, biomass decay, and substrate metabolism during biomass metabolism in the biological treatment process.
The major chemical components of SMPs are humic and fulvic acids, polysaccharides, proteins, nucleic acids, organic acids, amino acids, antibiotics, steroids, extracellular enzymes, siderophores, cell structural components, and energy metabolic products, and others (Barker & Stuckey ) . Among these components, humic substances, proteins, and carbohydrates have been proven to be the main components of SMPs (Shen et al. ) . Dissolved organic nitrogen (DON) is a class of organic substances containing a series of nitrogen-containing functional groups such as various NH classes, amino categories, nitriles, purine, pyrimidine, and nitro compounds (Gu et al. ) . SMPs released by the biomass in the process of organic matter degradation and biomass decay are rich in amino, amide and nitro functional groups, which are typical DON (Barker & Stuckey ) .
The generation of SMPs not only lowers treatment limitations, but also produces a series of disinfection by-products (DBPs) with strong carcinogenicity during the disinfection process, which poses a major potential threat to drinking water safety. Moreover, a series of potentially more mutagenic and carcinogenic nitrogenous disinfection byproducts (N-DBPs), such as halonitromethanes (HNMs), haloacetonitriles (HANs), nitrosamines, and others, are produced from DON during disinfection, and HNMs have been listed as the highest priority for DBP control by the United States Environmental Protection Agency. Therefore, further research on the production mechanism and basic characteristics of DON derived from SMPs (SMPs-DON) in the drinking water biological treatment process will be helpful for improving effluent quality and reducing the safety risk of biological treatment.
The study of SMP production is a prerequisite for in- (UAP) production in a membrane bioreactor during the autotrophy proliferation phase was lower than that in the heterotrophy proliferation phase. In a sequencing batch reactor, the fractions of UAPs produced by heterotrophs, ammonia-oxidizing bacteria (AOB), and nitrite-oxidizing bacteria (NOB) were 78.5%, 14%, and 7.5%, respectively. Also, the fractions of biomass-associated products (BAPs) produced by heterotrophs, AOB, and NOB were 97.3%, 1.5%, and 1.2%, respectively (Xie et al. ) . Moreover, heterotrophs can colonize some distance from autotrophs and still be sustained by autotrophic SMPs. Therefore, it is necessary to further study the formation mechanism of SMPs-DON by analyzing the microbial community structure. The main objective of the current study is to further understand the production mechanism and characteristic variations of SMPs-DON during the drinking water biological treatment process. The production mechanism of SMPs-DON is explained from the perspective of microbiology by analyzing the relationship between SMPs-DON production and microbial community structure in a drinking water biological aerated filter (BAF). In addition, the componential characterization and the molecular weight (MW) distribution are investigated using EEM-PARAFAC and gel filtration chromatography (GFC), respectively. kept in the range of 7-8 by dosing with NaHCO 3 . Both the COD and NH 4 þ -N removal efficiencies were higher than 65% before conducting this study.
MATERIALS AND METHODS

Laboratory
Water quality parameter measurements
The collected water samples were filtered with pre-washed 0.45 μm cellulose acetate membranes (Anpel Co. Ltd, China), preserved at 4 C, and measured within 24 h. Total dissolved nitrogen (TDN) was measured using alkaline potassium persulfate digestion UV spectrophotometry. NO 3 À -N was measured using UV spectrophotometry. NO 2 À -N was measured using the N-(1-naphthyl)-ethylenediamine photometric method, and NH 4 þ -N was measured using salicylate-hypochlorite spectrophotometry. These experiments were conducted according to the Chinese National Standard Methods. DON was quantified as the difference between TDN and dissolved inorganic nitrogen (DIN):
Microbial community structure analysis DNA extraction, amplification, and Illumina MiSeq sequencing
Microbial DNA was extracted from 10 to 15 g ceramsite using the OMEGA soil DNA extraction kit. according to the manufacturer's protocols. DNA purity was detected using a NanoDrop2000 ultra-micro spectrophotometer (Thermo, USA). Polymerase chain reaction (PCR) amplification was conducted using a GeneAmp ® 9700 PCR (Applied Biosystems, USA) and was performed in triplicate.
Amplicons were detected using 2% agarose gels and recovered using the AxyPrep DNA Gel Extraction Kit Fluorescence EEM spectroscopy
EEM spectra determination
Water samples of 100 mL were freeze-dried into powder, dissolved in 5 mL ultrapure water, and filtered with 0.45 μm cellulose acetate membranes (Anpel Co. Ltd, China). EEM spectra were determined using an F-7000
fluorescence spectrophotometer (Hitachi, Japan). The excitation and emission slits were both set to 5 nm, the scan speed was set at 12,000 nm/min, and the photomultiplier detector voltage was fixed at 700 V. The emission wavelength was increased from 220 to 600 nm at 5 nm steps by varying the excitation wavelength from 200 to 450 nm at 5 nm increments. Raman and Rayleigh scattering was removed by subtracting the EEM data of ultrapure water (as a blank sample) from that of water samples.
MW distribution determination
The MW distribution was determined through a GFC (Shimadzu LC-10AD, Japan) with a refractive index detector 
CONCLUSION
The production mechanism of SMPs-DON in drinking water BAF can be explained using Illumina MiSeq sequencing from the perspective of the microbial community distribution. According to EEM-PARAFAC analysis, fulvic-like and humic-like substances were almost unchanged during BAF treatment, whereas protein-like substances first increased and then decreased, which was consistent with the variation in the DON concentration.
As the depth of the filter layer increased, SMPs with MW <5 kDa accumulated, while SMPs with MW >20 kDa decreased. Therefore, increasing HRT can improve the removal efficiency of macromolecular organic matter during the drinking water biological treatment process.
